The volatile compounds obtained by hydrodistillation of the aerial parts of Rosmarinus tournefortii De Noé. growing wild in the occidental region of Algeria were analyzed by GC/MS. Thirty-six compounds were characterized representing 95.6% of the essential oil, with camphor (37.6%), 1,8-cineole (10.0%), p-cymene-7-ol (7.8%), and borneol (5.4%) as the major components. The antimicrobial activity was evaluated against three pathogenic bacteria: Gram-negative (Escherichia coli and Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus). The minimum inhibitory concentration (MIC; mg/mL) was determined by sub-culture on Muller Hinton agar plates. The essential oil exhibited strong antibacterial activity against E. coli and P. aeruginosa, and was also active against Staphylococcus aureus.
The Lamiaceae family consists of herbs, bushes and occasionally trees with a cosmopolitan distribution, including approximately 300 genera and 7500 species [1] . The genus Rosmarinus L. (Rosemary) consists of three species of aromatic shrubs native to the Mediterranean region [2] . The best-known species, R. officinalis L. (Common Rosemary), has been widely cultivated since antiquity as a herb and garden plant. The most recent introduction into cultivation is R. eriocalyx Jord & Fourr., a native of southern Spain and North Africa. The epithet eriocalyx means woolly calyx and refers to the striking dense indumentum of sessile and capitate glandular hairs and numerous simple hairs (trichomes) that are variable in length and visible to the naked eye. This clearly distinguishes it from R. officinalis, which bears an indumentum of sessile glandular hairs and short highly branched, almost stellate hairs. R. eriocalyx was first recognized under the name R. officinalis var. tournefortii Noé. This name has only appeared on exsiccate and hence has not been validly published. Noe's name and combination was validly published by Murbeck (1898) and at the species level by Maire (1934). The epithet, tournefortii, which honors the great French botanist Joseph Pitton de Tournefort (1656-1708), has been widely used in many flora [3] . However, it was Jordan & Fourreau (1866) who published the first valid specific name for this taxon, R. eriocalyx.
Rosemary essential oil is also used as an antibacterial, antifungal [4] [5] [6] and anticancer agent [7]. Outtara et al [8] investigated the antibacterial activity of selected essential oils against some food spoilage organisms. They concluded that the essential oil of rosemary was the most active. Only one study has revealed the chemical characteristics of Algerian R. eriocalyx (synonym of R. tournefortii) essential oils [9] . The aim of this study was first to investigate the chemical composition of the essential oil of R. tournefortii De Noé from Algeria and then to evaluate its antimicrobial activity. Table 1 shows the chemical composition of the essential oil of the leaves of R. tournefortii, collected from the Oujda region in the west of Morocco. Thirteen compounds were quantified in this study of which only nine were identified [10] .
The results obtained by GC-MS analyses of the essential oil of R. tournefortii are reported in Table 2 . Thirty-six compounds were identified, representing 96% of the total oil content. The major compounds detected were camphor (37.6%), 1,8-cineole (10.0%) and p-cymene-7-ol (7.8%). These results show that R. tournefortii from the Algerian occidental region includes camphor and 1,8-cineole chemotypes. The presence of a high percentage of camphor in the essential oil of R. tournefortii has not been reported before, except in the study of six populations of R. eriocalyx collected in Algeria under different ecological conditions in which chemotypes with camphor (32.3-37.0%), camphene (17.0-20.0%), α-pinene (15.2-18.2%) and 1,8-cineole (7.6-11.4%) were recorded [9] . However, NPC Natural Product Communications 2011 Vol. 6 No. 10 1511 -1514 the composition of the major components of our rosemary extracts was quantitatively similar to those obtained in samples of Cuban R. officinalis [11] . When the chemical profile of R. tournefortii essential oils is compared with the previously studied essential oil of R. officinalis from the Algerian arid and semi-arid zones [12, 13] , it appears very different with respect to camphor and 1,8-cineole. The first compound is present in higher amount (37.6% vs 11.5%, 14.6%) and the second in lower amount (10.0% vs 12.2%, 29.5%), while 2-ethyl-4,5-dimethylphenol (12.0%) is totally absent in our sample and, on the contrary, pcymene-7-ol (7.8%) and (Z)-nurciferal (3.9%) are present. In addition, 1,8-cineole was abundant (60.9%) in rosemary essential oil from Turkey [14] . It is also reported [15] that two major types of rosemary oil can be distinguished with respect to their major constituents: those with over 40% 1,8-cineole, which is a characteristic of oils from Morocco, Tunisia, Turkey, Greece, Serbia, Italy, and France [16, 17] , and oils with approximately equal ratios (20-30%) of 1,8cineole, α-pinene, and camphor (oils from France, Spain, Italy, Greece, Bulgaria) [16, 18] . However, other studies reported lower percentages of these compounds in the same areas, with a lower rate of 11.3% of 1,8-cineole, which is also characteristic of oils from France and Iran, and 1.10 -4.97% of α-pinene and camphor (oils from Spain, Algeria, Iran) [16, 13, 19] . Our results are in agreement with another study that confirmed 1, 8 cineole, camphor and α-pinene as the main constituents of rosemary [20] . This difference could be due to the different climates between south Europe and the North African Mediterranean areas (higher mean monthly temperatures and longer sunshine duration). However, it might also be due to the species, as R. tournefortii is systematically different from R. officinalis.
The antimicrobial activity of R. tournefortii essential oil was qualitatively and quantitatively assessed by the presence or absence of inhibitions zones, zone diameters and MIC values. Table 3 reports the inhibition zones and MIC values of the essential oil determined for two Gramnegative and one Gram-positive bacteria using the diffusion technique on solid media. The results show that the essential oil of this species possesses good antibacterial activity. The Gram-positive strains were more sensitive than the Gram-negative Pseudomonas aeruginosa, which however, was also sensitive to these oils.
The essential oil of R. tournefortii showed strong antimicrobial activity against S. aureus, P. aeruginosa, and E. coli ( Table 3 ). The results from the disc diffusion method and determination of minimal inhibitory concentrations (MIC) indicate that S. aureus is the most sensitive microorganism, with the lowest MIC value of 12.5 mg/mL and the largest inhibition zone (17 mm). However, the essential oil showed the same activity against Ps. aeruginosa and E. coli with a CMI of 25 mg /mL. We noted also that a 2 µL volume of R. tournefortii essential oil was much more active than the essential oil of R. officinalis at a volume of 5 µL [18] , which shows that at this concentration the essential oil has good activity. However, many studies reported in the literature show that the activity of the oils varies according to the method of extraction, the volume of inoculum deposited around the discs, and the incubation time [21] . Other studies show that Gram-negative strains appear to be more sensitive than Gram-positive ones. This confirms our results. It has been reported previously that the major components, 1,8-cineole and camphor, exhibit antimicrobial activity against E. coli, P. aeruginosa, and S. aureus [22] .
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Natural Product Communications Vol. 6 (10) 2011 1513 The resistance of Gram-negative bacteria to plant extracts was not unexpected as, in general, this class of bacteria is more resistant than Gram-positive bacteria. Such resistance could be due to the permeability barrier provided by the cell wall or to the membrane accumulation mechanism [23] . Infections caused by P. aeruginosa, especially the multi-drug resistance strains, are among the most difficult to treat with conventional antibiotics [24] . This confirms our results. In fact Gram-negative E. coli and P. aeruginosa were remarkably inhibited by the essential oil of R. tournefortii. These bacteria are very sensitive to camphor. It is cited that camphor is readily absorbed through the skin and produces a feeling of cooling similar to that of menthol and acts as a slight local anesthetic and antimicrobial substance.
We conclude that the results of this study suggest the possibility of using either the essential oil or some of its components as natural food preservatives as the oil possesses strong antimicrobial activity. These properties are much needed by the food industry in order to find possible alternatives to synthetic preservatives.
Experimental
Plant material: Samples of R. tournefortii De Noé were collected in May 2010 from stations of western Algeria: Sidi Bel-abbès (Daya) region (34 72 71W; 0 58 50 O), 1200 m). Specimens were identified by Professor Benhassaini Hachemi and voucher specimens were deposited in the herbarium of Djillali Liabès University. Plant samples were dried at room temperature for 7 days. Oils were obtained by hydro-distillation using a Clevenger-type apparatus for 3 h. The oil obtained was transferred to glass flasks that were filled to the top and kept at −18°C until analysis (yield between 1.1% and 1.4%).
Analysis of essential oils:
The essential oil was analyzed by GC-MS using a Varian 3800 gas chromatograph with a 30 m x 0.25 mm BP-5 fused silica capillary column with a 0.25 µm coating, directly coupled to a Varian Saturn 2000 MSD mass spectrometer. Operating conditions were as follows: carrier gas, helium with a flow rate of 1 mL/min.; injector temperature, 220°C; oven temperature programmed from 60°C to 240°C (3°C/min); split ratio 1:50; injection volume 0.1 µL (10% solution); 500 ng on column. EI MS were collected at 70 eV ionization voltage over the mass range m/z 40-450. The identification of volatile components was based on the comparison of their MS with those of the NIST and NBS library data of the GC-MS system, and literature data [25] . Quantification was carried out using a Varian 3400 gas chromatograph equipped with a flame ionization detector (FID), under the following operation conditions: vector gas : helium, flow rate 1 mL/min; injected volume, 0.1 µL (10% solution); split ratio 1:10. Injector and detector temperature, 240°C; the oven temperature was programmed from 60 to 240°C at a rate of 3°C/min. Samples were analyzed on a fused silica capillary column BP-5 (polydimethylsiloxane) (30 m x 0.25 mm i.d., film thickness 0.25 m).
Antimicrobial activity (MIC):
The antibacterial activity of the essential oils was evaluating from their minimum inhibitory concentrations (MIC), which was defined as the lowest concentration that prevents visible growth [26] . The antimicrobial activity was evaluated against 3 pathogenic bacteria: Gram-negative strains Escherichia coli ATCC 35218 and Pseudomonas aeruginosa ATCC 27853, and Gram-positive strain Staphylococcus aureus ATCC 29213.
Disc diffusion method:
Mother cultures of each microorganism were set up 24 h before the assays in order to reach the stationary phase of growth. The tests were assessed by inoculating Petri dishes from the mother culture colony forming units 10 8 (CFU)/mL. The antibacterial activity of the plant extracts was carried out by disc diffusion assay. The essential oil was dissolved in Tween 80. Filter paper discs (6 mm in diameter) were impregnated with 2 µL of the undiluted oil in different concentrations. The dissolved essential oil was first diluted to the highest concentration (50 mg/mL) to be tested, and then serial two-fold dilutions were made in a concentration range from 6.25 mg/mL to 50 mg/mL. The Petri plates, after remaining at 4°C for 2 h, were incubated at 37°C for 24 h. The diameters of the inhibition zones were measured in mm. All tests were performed in triplicate. MIC values were defined as the lowest concentration of oil which completely inhibited microbial growth. The results were expressed in mg per mL.
